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HEAT DISTRIBUTION BY MATURAL COMYECTION*

J. Douglas Balcomb
Lo3 Alamos National Laboratory
Los Alamos, Mew Mexico 87545

Summary

Maturasl convection can provide adequate hest
distribution in many situations that arise in
buildings. This fis appropriate, fcr exsmple, in
passive solar buildings where some rooms tend to
be more strongly solar heated than others or to
reduce the number of heating units required in s
building. Natural airflow and hwat transport
through doorways and other internal building
apertures is predictable and can be accounted for
in the design. The nature of natural convection
1s described, and a design chart {s presented
appropriate to a simple, single.doorway situation.
Watura) convective loops that can occur {n build-
fngs are described and a few design guidelines are
presented.

Nitural convection plays the sajor role for
distribution of heat in many passive solar build.
ings, especially those that employ sunspaces or
atria as 2 solar heat collectior element. Another
example {3 & single remote room on the north side
of the building. This convective exchange utual-
1y involves normal architectural elements such as
doorways, hallways, rooms, and stairways.

Los Alamos has messured data in 12 actual
building geometries to thoroughly understand this
complex process. Dotafiled measurements of air
velocity and tempecature have been used to detir-
mine airflow rates and energy transfer rates. e
have found that large natural convective exchanges
occur with modest temperature differences and that
one often finds a convective loop around the pas-
sages of » two-story geometry. MWe find that
building grometry and aperture sizes have a major
fnfluence on both energy exchange rates and ther.
sl comfort.

Simple relationships have boen developed to
predict encrgy exchange rates In particular situa-
tions, and these have been confirmed based on
experimental observations, These relationships
can then be used to develop design charts and

raphs suitable for use in the layout of build-
ngs. The results have implications not only to
passive solar heating, but to natural cooling
teciniques. !n many nituations natural convection

is an adequate mechanisa for heat distribution,
and one does not need to rely on complex and
exparsive sechanical equipment and controls of
qucstionable relfadbility.

The Nature of Convective Exchange
Through Apertures

Buoyancy-Driven Flow

1f two adjacent srcos connected by a doorway
through the common wall are at different tempera-
tures, & natural convective exchange of air wil)
occur through the doorway. Warm alr will flow
through the top of the doorway into the cooler
room and cool air will return to the warmer room
through the bottom of the doorway. The net effect
is to transport heat from the warmer room to the
cooler room, tending to decreaste the tesperature
difference.

A typical air velocity profile observed In a
doorway 18 shown in Fig. 1. The two counter-
current air streams through the doorway are well

behaved and do not mix appreciably. The flow
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Fig. 1. Natural Airflow Yelocities in a Typical
Doorway with & 6 F Temperature Differsnce
Between Rooms.

*Work performed unde: Lhe auspices 3: the US Department of Energy, Office of Solar Heat Technologies.



velocity approaches zero at the door midpoint and
increases as the distance from the door midpoint
increases, reaching a maxisum in one direction at
the door top and in the nthar direction at the
door bottom. The volocity is proportionsl to the
square root of the distance from the door midpoint
and to thy square root of the temperature differ.
once betwesn rocms. 1f the rooms are reasomably
airtight, the top and bottom halves of the curve
are 8 tric and the airflow in each direction
will equal. Stresmlines are nearly horizontal
in the doorway, and the boundary layers near the
doorway edges are quita thinm,

The airflow is bucyancy driven. This {3
becsuse the air in the wars room 13 lighter than
the air {n the cool room and, thus, will tend to
rise, while the air in the cool room falls. If
the partition between the rooms were resoved,
creiting one large room, the airflow would take on
8 simple circular pattern. However, the presence
of a partition with an opening that is such smsl-
ler in area than the partition creates a major
flow impedance between the rooms, and the opening
becomss the governing element that controls the
rate of energy transport,

An Elﬂ\.

Natural convection energy transport rates can
be significant, as an example will show. Suppose
that two rooms are separated by a partition that
13 10 ft high and 20 ft wide, and the aperture i3
a normsl 6-ft §-in, door 3 ft wide. The partition
ared 13 200 ft<, and the door ares s 20 ft2,

1{ the temperature difference between rooms i3
6 F, the following will result (at sea level):

Airflow . 380 cfm, and
Energy transport « 2440 Btu/h,

Comoare thit to conduction through the wall, Sup-
ose that the U.value from room-to-roce 13 0.4
tu/ftc h F, typical of an uninsulated stud-
frame wall. The conduction heat tra. for {s,
therefore, 0.4 x 6 x 180 « 432 Btu/h, Thit {3
Tess than 1/5 the convective transfer rats. The
heat transfer rate, par unit area, i3 51 times
greatar for the opening than for the partition,

Atrflow

Airflow rate depends on the geometry of the
aperture and on the room-to.room temperature dif.
ference, 4T, measured at the same elevation in
each room . The fonouin? simple equation can be
used to estisate the airfiow for a simple rectan-

gular aperture:
Va.1.9 vdhs AT,

where V volumetric flow in esach direction, cfa,

w . doo" width, ft
h « uoor hoigh‘, ft, and
aT « room.to-room temperature difference, °F.

This equation 13 derived theoretically and is well
collaborated by experimental observation, The

a{7flow does not depend on air density (which
varies some with elevation) nor does 1t depend
appreciably on temperature stratif‘cation that may
be presant in the rooms.

Energy Transport

Energy transport is detsrmimed by the airflow
rate and the difference between the aixed-meen
temperatures of the upper airstream and the lower
airstream. 1f the airflow rate 13 V cfa and the
aixed.mean temperature difference Lpetween the
upper and l1ower airstreams is aTq F, the energy
transport, Q, s simply,

Qo (1.08)(¥)(aTq), Btu/h.

The number 1.08 in ghis tion {s the heat ca.
:acity of air (Btu/ F ft7) at ses level. At
{gher elevations, the value will be lass in
direct proportica to air density. 4T4, the tem
perature difference between the upper and lower
alr streams, {s usually close to a7, the room-to-
room rature diffarence. If these two are

equal,
Q = 1.2 'm

Stratification

We have cbserved in our experimants that tes-
peratures in the two adjacent rooms will usually
be stratified when they are linked by a convective
o:chan th:?ugh an opaning., The degree of strat-
1fication will ng on rate of heat ex-
change. Stratlﬁg:t?on -m tend to ennance the
rate of heat exchangs because it {ncreases the
temperature difference between the upper air
stream dnd the Yower air stream, oT4. Because
the flow stresalines are generally not horizontal
spproaching and leaving the doorway, the aixed.
msan temperatures cannot be determined easily from
the stretification profiles but must be measured
experimantally. This hat been one of the objec-
tives of the Los Alamos experiments.

Design Chart

A single remote room in a building can often
be adequately heated just by natural convection
from an adjacent heated space. B8a3ed on the eyua.
tions given sarlfer, wo cen relate the temperature
difference from room to room, the rooa hesat loss,
and the aperture gaometry. The result is 3 design
chart as shown in Fig. 2.

As an example of the use of this chart, sup-
3¢ o remote room {n a buflding has @ dc:'gn heat
oss of 5000 Btu/h and that, under thess condi.
tions, we are willing to a1 fow an avortsc room
cemparature 2 F below tha temperature the rest
of the buflding. Then, from the chart, we see
that a door width of 32 inches s needed to pro-
vide sufficient heat transfer by naturai convec-
tion through a standard 6 ft 8 in. door opening.
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Heat a Rewmote Room by Natural Convection.
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Fig. 2.

Watural Convective Loops

A convective loop, shown in Fig. 3, {3 between
8 twosttory-high sunspace and the attached two-
story house. One wy to describe such a loop fis
a1 a "heat engine.® Heat {s added in the south
side of the loop, and the same smount of heat 13
withdrawn on the north tide. Afr flows around the
1o0op because of the difference in densities
between the south leg and the north leg. In fact,
we can calculate the flow rate bated on the dif-
ference in average temperaturas between tne two
Tegs. It {s also possible for heat to be resoved
along the top leg of the loop; this s particular-
ly t?focthro in driving the ?oop because {t fn.
creates the average Jensity alon? the vertical
north leg. Lastly, it {s possible for heat to be
removed along the bottom return ley; this {3 not
very etfective {n driving the Yoop becsuse it does
not contribute to the fncreared density in the
north vertical leg.
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Fig. 3. Typicel Natural Convective Loop in a

Two-Story House with a Sunspace.

Sussary of Natural Convection Results.

Alr velocity and temperature msasuremsnts have
been made 1n 12 buildings that incorporate astural
convection 1avelviag a sunspace and other archi.
tectural features. In most cases convectiva
loops are inadvertent, that is, they were mot in-
tentional or even perc.ived by the owner or de-
lirur. Measurements were BMade Near midday during
relatively sunny weather; a summary of thess re.
sults for six houses is given in Table I. The
results, which will be ted in detail in fu.
ture Los Alamos reports, have been vey encourag.
ing, indicating large convective energy exchange.

We have found that the observed natural con.
vection 1s quite predictable using relatively
simple models. In the future we plan to distill
the results into simple design charts, similar to
Fig. 2.

Design Guidelines

Al though the wory dascribed here 1s still in
rogress, certain design guidelines emerge clear.
y. 1t is evident that a major amount of heat can
te distributed and stored inside a building by
convection from a suntpace. Tne major drivin
mechanism for this convection i3 the heat tng?m,
driven by solar heating on one tide and hsat re-
msoval on the opposite side (both by heat n.orcr
in walls and daytime heat losses). 1f the desijn-
er {s fully aware of the principles involved, the
detign can benefit most from effective convective
exchange,

The key design factor is proper laycut of the
buﬂd!nf 350 that convective 100ps can operste ef-
fectively, This can usually be done without
architectural compromise. In fact, in most cases
studied, no conscious at t to achieve a convec-
tive loop was made; 1t resulted, strictly {n ser.
endipitous fashion, from architectural considera-
tions,

In designing for a gonvective 1 ,
designer :hguIdgun LT tlpﬁ use orguiw%g
elemants as much /s possible. Do not contrive a
convective loop for 1ts own sake but rather try to
work it {n with normal traffic flow. The follow.
ing 1ist gives dﬂi?n hints for one type of con.
vective loop, atarting with the source of heat and
moving around ‘n the same direction as the air.
flow,

« A sunspace makes an excellent heat source to
drive the gonvoctivo 1a0p because high temper.
atures (B0 F) are available {n sunny weath-
er. Because the flow velocity varies as the
square root of the hefght, 1t {s desirable to
make the tpace a8 high es practical, A two-
ptory buflding with a two-story sunspace hat
been found to work effectively, greater
heights would probably work even better,
although the tendency for temperature to
strat! { aight be wnacerbated. A dark-colored
mass wall at the back of the sunspace will aid
in cbsorb!n? the solar rediation and will heat
the air as {t rises,



TABLE 1

SUMMARY OF CONVECTION DATA VEASURED In SIX HOUSES

Sunspace Sunspace Sunspace - to-House
Height Glazed
Ares Connecting Energy
Doorway Typical Total Traniport by
Area aT Alrflow Convection
# of Stories 1l 1l °F P Btu/h
2 400 80 6 1680 17700
1 180 a 3 660 2430
2 410 114 5 22400 15500
2 s70 49 10 1670 21100
1.5 310 4 4 1029 Silv
2 210 82 4 1190 4870

Provide & large opening at the top of the sun-
space for the afir to enter the upper story.
Doors are excellent for this purpose, al though
large operable windows can also be used.

Doors are preferable because they are larger
and are more apt to be opened during the .
A sha'low balcony opening onto the top leve

of the sunspace 13 a popular design element.
1f vents at ceiling height are used, it is not
necessary to close thea during the night be.
caute closing openings at the return end will
effectively shut off the loop.

Provide for airflow across the upper level of
the building from the south side to the north
side. This {5 conveniently achieved u.ing &
hallway, although other rooms can also be
used.

Provide for downflow of afr in the north part
of the building; a stairwell serves this nyr-
pose {deally. The fact that the air may have
to bend around corners to get across the

building, down the stairs, and into the lower
portions of the building 1s of no great con-

cern 30 long as the flow area s adequats. It
is desirable for this path to be against the
north wall both to increase the airflow and to
assure that the convective loop can effective-
1y supply the heat loss.

+ Arrange for air return through the lower floor
and back i{nto the sunspace., Again, th!s aight
be through a hallway or simply across a room.
It {s essential to provide a doorway that can
be closed in this portion of the path. Tnis
prevents cool air froa the sunspace from flow.
ing back into the building, tending to reverse
the Yoop at night., Windows are not effective
for this purpose because they will not allow
cool floor-lgvel air tn return to the sunspace.

Whether the building 15 one or two storfes, it
fs particularly effective to prov'de one or more
level changes at the ground floor, stepping down
from the north side of the building toward the
south. This makes the floor level of the sunspace
the lowest point 1n the loop so that cool air wil}
drain to this spot. One or two staps snould be
sufficient. Elevate pianting beds in the sunspace.



